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EXPANDED DOWNHOLE SCREEN SYSTEMS AND METHOD 

Field of the Invention 

The invention relates to a system and method to expand tubular screens in an 
open-hole wellbore to recover hydrocarbons from subterranean formations. 
5 Background of the Invention 

Oil and gas wells are drilled with a wellbore into which tubular segments, such 
as steel casing, may be inserted and installed. Fluid-permeable tubular members or 
"screens" are frequently used in the production zone of an open-hole wellbore to 
recover hydrocarbons from subterranean formations. Screens permit fluid to pass 

10 from such fluid-bearing formations into a tubular string for recovery. 

Screens may be expanded in the wellbore in much the same way that 
conventional tubulars such as casing may be expanded. Expandable sand screen 
("ESS") generally consists of a perforated or slotted base pipe, and may include 
woven filtering material and a protective, perforated outer shroud. Both the base 

15 pipe and the outer shroud are expandable. The woven filter is typically arranged 
over the base pipe in sheets that partially cover one another and slide across one 
another as the ESS is expanded. Expandable sand screens are commonly used to 
replace open-hole gravel packs to improve production. An arrangement of sand 
screen is described in U.S. Patent Nos. 5,901,789 and 6,571,871. 

20 A number of disadvantages are known in the art. One major problem 

associated with existing screen expansion techniques is commonly referred to as 
"spiraling." Poor hole quality associated with spiraling makes borehole cleaning and 
screen installation more difficult. Spiraling increases the drag and limits the length of 
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screen that can be installed. If the borehole is not straight or "gauge", the screen will 
not be placed In intimate contact with the formation. Any annulus between the 
screen and wellbore will significantly reduce the benefits associated with an 
expandable screen completion. 
5 The disadvantages of existing expandable screen systems and methods are 

overcome by the invention, and an improved expanded downhole screen system 
and method are hereinafter disclosed. 
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Summarv of the Invention 

An improved system and method are disclosed for expanding fluid- 
permeable tubular members or "screens" in an open-hole wellbore to recover 
hydrocarbons from subterranean formations. According to one aspect of this 
5 invention, deviated borehole sections may be drilled with improved borehole quality, 
characterized in part by reduced borehole spiraling. This allows for easier insertion 
of the tubular. The tubular may then be expanded within the borehole. 

There are significant advantages associated with this method. The invention 
leads to a lower expansion ratio of the tubular, which minimizes any reduction in 

10 mechanical properties of the screen, such as collapse strength. A larger tubular 
may be used to reduce the amount of expansion required, achieving expansion 
ratios of less than approximately 15%, and preferably less than 10%. Such reduced 
expansion requires less axial force to expand the screen and results in better post- 
expansion collapse strength. Typically, the screen is expanded to a point where its 

15 outer wall places a stress on the interior wall of the wellbore, thereby providing 
support to the walls of the wellbore. Once expanded, the space between the screen 
and the wellbore may largely be eliminated, along with the need for a large gravel 
pack otherwise required to fill the annular space with particulate to support the 
formation and maintain permeability. Because less pressure is used in the 

20 installation of the fluid-permeable tubular, it is more reliable, efficient, and durable. 

The present method is further preferable to existing technologies because it 
results in a higher production yield, has lower drawdown, allows for a larger internal 
diameter for intervention work, and simplifies installation. 
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These and further features and advantages of this invention will become 
apparent from the following detailed description, wherein reference is made to the 
figures in the accompanying drawings. 
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Brief Description of the Drawings 

Figure 1 generally illustrates a well drilled with a bottom hole assembly (BHA) 
at the lower-end of a drill string and a downhole motor with a bit; 

Figure 2 illustrates a BHA in greater detail; 
5 Figure 3 illustrates an alternative embodiment, wherein the BHA includes a 

rotary steerable assembly (RSA) to allow simultaneous rotation of the drill string with 
the bit; 

Figure 4 illustrates the box connection on the bit connected with a pin 
connection on the motor; 
10 Figure 5 illustrates one type of expansion tool for expanding a downhole 

tubular within a wellbore; 

Figure 6 illustrates an alternative type of expansion tool; 

Figure 7 illustrates in greater detail a section of "expandable sand screen" 
(ESS) used in the fluid-permeable tubular; 
15 Figure 8 compares typical expansion ratios of prior art systems and the 

invention over a range of perforation size; and 

Figure 9 compares the D/T ratio for two prior art systems and for the claimed 
system over a range of nominal outer diameter D of a permeable tubular prior to 
expansion. 

20 Figure 10 conceptually shows a subterranean well system for production of 

wellbore fluids from a formation, which has been drilled and completed according to 
the invention. 
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Detailed Description of Preferred Embodiments 

Figure 1 generally illustrates drilling a straight section of a well, with a bottom 
hole assembly (BHA) 10 positioned at the lower end of a drill string 12. The BHA 10 
includes a fluid powered downhole motor 14 for rotating a bit 18 during drilling. 
5 Figure 2, by contrast, illustrates a BHA configured for drilling a deviated portion of a 
well. The motor 14 for drilling deviated portions of the well may be a "positive 
displacement motor" (PDM) having a lobed rotor. In most cases, the RDM is a "bent 
housing motor" (BHM), typically having a bend 24 of less than 3 degrees. The bend 
24 of a PDM is between the upper power section having rotational axis 27 and a 

10 lower bearing section having rotational axis 28 in the motor housing, so that the axis 
28 for the bit 18 is offset at the selected bend 24 from the axis 27. The lower 
bearing section 26 includes a bearing package assembly which conventionally 
comprises both thrust and radial bearings. The PDM 14 may be run "slick", meaning 
that the motor housing 17 has a substantially uniform diameter from the upper power 

15 section 22 through the bend 24, and to the lower bearing section 26, as shown in 
Figure 2. The motor housing may include a slide or wear pad 19. 

A straight and vertical section of a well may be drilled with a straight pipe 
string. A straight section (vertical or otherwise) may alternatively be drilled with a 
PDM as in Figure 1, whereby the drill string 12 is rotated along with the bit 18. In 

20 addition to assisting rotation of the bit 18, rotation of the drill string 12 keeps the 
bend 24 in constant motion, to ensure the bend 24 does not steer the hole in any 
particular direction away from the desired straight-line drilling path. When drilling a 
deviated section of the borehole with the PDM 14, the drill string 12 is instead slid 
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without rotating while the PDM 14 continues to rotate the bit 18. The non-rotating 
bend 24, rotationally positioned as desired within the borehole, will then guide the 
drill string 12 to drill the deviated section. 

It is often desirable, even when drilling deviated sections, to rotate the drill 
5 string 12 and the bit 18 sinnultaneously to minimize the likelihood of the drill string 12 
becoming stuck in the borehole and to improve return of cuttings to the surface. To 
accomplish this, the BHA may alternatively include a rotary steerable assembly 
(RSA) 1 14, as shown in Figure 3. Whereas a PDM and BHM generally have a bend 
in their housings, an RSA has a drive shaft bend internal to a housing 112. The 

10 housing 112 surrounds the section of drill string 110 extending to the bit 118. The 
RSA includes a rotation prevention device 115, which engages the borehole wall 
and prevents or minimizes rotation of the housing 112. Unlike the PDM 14 as 
described in connection with Figure 2, the RSA 114 allows a change in direction 
while rotating the string 110. 

15 The term "downhole motor*' as used herein includes a BHM/PDM or an RSA, 

which have in common an upper section (power section of a PDM or shaft guide 
section of an RSA) rotational axis and a lower bearing section with a rotational axis 
offset at a selected bend angle from the upper section central axis. 

Referring back to Figure 2, the bit 18 has a bit face 39, which includes a bit 

20 cutting surface 33. The bottom 38 of the gauge section 34 may be substantially at 
the same axial position as a bit face 39, but could be spaced slightly upward from 
the bit face 39. In drilling an optimally smooth borehole as described below, it is 
advantageous for the PDM to have a short "bit-to-bend" ratio. In a preferred 
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embodiment of the invention incorporating a PDM, an axial spacing between the 
bend 24 and the bit face 39 is less than twelve times the bit diameter 32. For an 
RSA, by contrast, the bit-to-bend ratio is usually less crucial for achieving optimal 
borehole quality, because the bend is internal to the housing. 
5 As further shown in Figure 2, a gauge section 34 extends above the bit face 

39, and is rotatably secured to and/or may be integral with the bit 18. An axial 
"gauge length" 35 of the gauge section 34 is measured from a top 31 of the gauge 
section 34 to the lowest full diameter point of the bit 18, i.e. from the top 31 of the 
gauge section 34 to at least approximately where the gauge section 34 meets the bit 

10 face 39. The axial length 35 of the gauge section may be expressed as a function of 
the bit diameter 32. In one embodiment of the invention, the gauge length is at least 
60% of the bit diameter 32, preferably Is at least 75% of the bit diameter 32, and in 
many applications may be from 90% to one and one-half times the bit diameter 32, 
When the gauge section 34 rotates it sweeps a substantially uniform diameter 

15 profile, which may be referred to as the "cylindrical bearing surface" 36. This 
cylindrical bearing surface 36 is preferably continuous, but the gauge section 34 may 
be interrupted by one or more undergauge portions, such that the surface 36 is 
axially separated at one or more locations. In one embodiment of the invention, the 
aggregate length of the surface 36, however, is at least 50% of the gauge length 35. 

20 Those skilled in the art will appreciate that the gauge section 34 need not itself be 
cylindrical, but may commonly be provided with axially extending flutes along its 
length, generally arranged in a spiral pattern. In such embodiments, a major 
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diameter associated with the axially extending flutes may define the cylindrical 
bearing surface 36 when rotating. 

In one embodiment of the invention, as shown in Figure 4, a threaded box 
connection 40 may be provided on a bit 18 for threaded engagement with a 
5 threaded pin connection 42 at the lower end of the downhole motor 14. In one 
embodiment of the invention, the interconnection between the motor 14 and the 
bit 18 is thus made through the pin connection 42 on the motor 14 and the box 
connection 40 on the bit 18. 

In one embodiment of the invention, the above approach to drilling a 

10 deviated portion of a wellbore, incorporating a long gauge section of at least 60% 
of the bit cutting diameter (and for non-RSA applications, further incorporating a 
short bit-to-bend ratio whereby the bit face is spaced from the bend no more than 
12 times the bit diameter), provides superior borehole quality, such as by 
reducing spiraling and ensuring the borehole is smooth (substantially non 

15 spiraled) and uniform. With the borehole thus prepared, a fluid permeable 
tubular may be optimally inserted and expanded within the borehole, as 
discussed below. 

A fluid permeable tubular is generally a cylindrical tube made of metal 
such as steel, and having a plurality of perforations or holes through its wall that 
20 are capable of passing fluid. This is useful, for example, when positioning the 
tubular within an open-hole portion of a formation, for passing fluids from the 
formation and into the borehole for recovery. Figure 7 conceptually illustrates in 
greater detail a section of material used in the fluid-permeable tubular 80. The 
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sand screen is shown in an expanded configuration, having fluid-permeable 
perforations 90 through which hydrocarbons are conveyed. Although the 
perforations 90 are shown as rectangular, a variety of shapes and sizes of 
perforations are known in the art, including circular, rectangular, and slot-shaped 
5 perforations. 

Figure 5 conceptually illustrates one type of an expansion tool 60 suitable 
for expanding a fluid permeable tubular 80 downhole according to the invention. 
An expansion element 62 is included with the tool 60. Expansion element 62 
may be sized according to the desired degree of expansion. Optional seal rings 

10 64 seal with an internal diameter 67 of the expanded tubular 80. By forcibly 
moving the expansion element 62 axially within the fluid permeable tubular 80, 
the tool 60 expands the casing from an initial diameter 63 to an expanded 
diameter 65. The fluid permeable tubular preferably has an axial length of at 
least 150 times the initial diameter 63. 

15 Figure 6 conceptually illustrates an alternative expansion tool 70 which 

uses a plurality of rollers 72 to expand the fluid permeable tubular 80. Each of 
these rollers 72 rotates about a tool mandrel 74. The amount of expansion may 
depend on the resistance to expansion, if any, provided by the formation and/or 
an optional outer tubular engaged by the expanding tubular 80, because the axis 

20 of rotation for each roller may move radially relative to the expansion tool 
centerline. 

The smooth, high quality wellbore made possible with the above drilling 
technique offers several advantages. One advantage is that the smoother 
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borehole will allow the fluid permeable tubular 80 to be sized with a larger initial 
diameter 63 than what is othenA^ise possible with a lower quality borehole. This 
is ideal, because less expansion is then required to expand the tubular to the 
expanded diameter. This reduced expansion provides benefits such as a thinner 
5 wall thickness for a lower cost, enhanced post-expansion strength, and increased 
production. 

The degree of expansion may be expressed as an expansion ratio, which 
is the percent increase in diameter due to expansion from the initial diameter to 
the final expanded diameter. Figure 8 is an X-Y plot graphically comparing the 

10 expansion ratios of the two primary prior art systems with that obtainable with the 
invention. The values for the prior art system labeled "Prior Art A" range from a 
minimum of about 20%, up to as high as 50-60%, over a range of hole sizes. 
The values for the prior art system labeled "Prior Art B," which is typically 
practiced over the narrower range of hole sizes shown, is approximately 20%. 

15 By contrast, the invention allows a lower expansion ratio over a range of hole 
sizes. In a preferred embodiment of the invention, the fluid permeable tubular 80 
may be sized such that a 15% radial expansion may be sufficient for the 
application, as represented by the curve labeled "Embodiment B." In more 
preferred embodiments, as little as 10% radial expansion may be required, as 

20 represented by the curve labeled "Embodiment A." 

An expanded permeable tubular can be further characterized by a 
diameter-to-wall-thickness or "D/T" ratio, where D and T are the diameter and 
thickness of the tubular, respectively, prior to expansion. A higher D/T ratio is 
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preferred, translating to a reduced thickness T for a given diameter D, minimizing 
weight and cost and increasing production yield. For the prior art systems, the 
D/T ratio ranges between approximately 7.4 and 15. In a preferred embodiment 
of the claimed invention, by contrast, a D/T ratio of 20 or higher is possible for 

5 some typical values of D. These elevated D/T ratios are generally not possible 
with the prior art due to the higher degree of expansion, which would likely lead 
to failure of the expanded tubular. 

Conventional fluid permeable tubulars with expansion ratios of greater 
than 20 may require the use of materials or alloys in the manufacture of the 

10 tubulars that are capable of withstanding the comparatively larger expansion 
ratios as compared with the fluid permeable tubulars of the invention. The fluid 
permeable tubulars of the invention may therefore be manufactured with 
materials or alloys which are capable of expanding less as compared with 
conventional fluid permeable tubulars due to the smaller expansion ratios 

15 (typically less than about 20%). In addition, the manufacturing processes used to 
make conventional fluid permeable tubulars more expandable, e.g., heat 
tempering and liquid quenching may be modified to produce fluid permeable 
tubulars in accordance with the invention in a less expensive manner. 

Because of the lower expansion ratio, a lower grade steel (that has a 

20 lower yield stress compared to conventional fluid permeable tubulars) may be 
used in the design of the fluid permeable tubular of the invention. For example, 
by changing the expansion ratio from 20% to 15% (a 25% reduction), the yield 
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stress of the material used to manufacture the fluid permeable tubular according 
to one embodiment of the invention may potentially be reduced by 25%. 

In an embodiment of the present invention, the D/T ratio can be expressed 
as a function of D. Figure 9 compares the diameter-to-wall-thickness or "D/T" 
5 ratio for a prior art system (labeled "Prior Art") with one embodiment of the 
claimed system (labeled "Invention"), over a range of nominal outer diameter D of 
a permeable tubular prior to expansion. The D/T ratio for the embodiment of the 
invention characterized in Figure 9 can be approximated with the function: 



10 



D/T>10 + 2,5*(D-3) 



where D and T are measured in inches. The D/T curve for this embodiment is 
consistently higher than that of the prior art shown. A related benefit of the 
improved D/T ratio is that the thinner wall thickness corresponds to an increased 
15 tubular ID, which increases volumetric fluid flow within the expanded tubular 
member. 

Another benefit of the smooth, high quality borehole is that the fluid 
permeable tubular 80 may be pushed further through the borehole than in the 
prior art. Improved hole quality makes hole cleaning easier and facilitates 
20 insertion of the fluid permeable tubular 80, in part because the smoother 
borehole has reduced the drag caused due to at least the frictional forces with 
the formation borehole. The present invention allows the fluid permeable tubular 
80 to be positioned further than 5000 feet into a substantially horizontal portion of 
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the borehole. Such distances have generally been unobtainable in the fluid 
permeable tubular prior art. 

Yet another benefit of having a smoother borehole is that the fluid 
permeable tubular 80 may be placed in more intimate contact with the formation, 

5 optimizing the benefits associated with an expandable tubular completion. 

Figure 10 conceptually shows a subterranean well system for production 
of wellbore fluids such as oil or gas from a formation 110, which has been drilled 
and completed as described according to the present invention. A straight, 
vertical section 100 of the well has been drilled, typically with straight pipe 

10 sections and without the need for either an RSA or PDM. Deviated sections 102 
and 104 have been drilled using an RSA or PDM, so the drilling path gradually 
and incrementally changes direction. Deviated section 102 is shown with the 
BHM 10 still in position for continued drilling of the deviated section 102. 
Deviated section 104 is shown having reached a substantially horizontal section 

15 106, with fluid permeable tubular 80 inserted. Substantially horizontal section 
106 extends a length measured from a point 112, at which the deviated section 
first reaches an approximately horizontal orientation, to an approximate end point 
114. According to the present invention, the length between points 112 and 114 
may exceed 5000 feet. At least a portion of fluid permeable tubular 80, such as 

20 distal end 116, may thus extend more than 5000 feet in the substantially 
horizontal direction. With fluid permeable tubular 80 in place, hydrocarbons may 
be recovered from the formation 110 along a flow path shown generally at 107. 
A well completed in this manner may alternatively be used for injection of fluid 
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into the formation 110 through the fluid permeable tubular member 80 along a 
flow path shown generally at 108. 

While preferred embodiments of the present invention have been 
illustrated in detail, modifications and adaptations of the preferred embodiments 
5 may occur to those skilled in the art. It is to be expressly understood, however, 
that such modifications and adaptations are within the scope of the present 
invention as set forth in the following claims. 



